Respiratory resistance was studied pre-operatively and post-operatively in a group of patients undergoing abdominal surgery. Respiratory resistance was shown to be markedly increased post-operatively in patients with chronic bronchitis and slightly increased in nOl1bronchitic patients.
INTRODUCTION
Although some information is available about changes in respiratory resistance during operation (Sykes 1970) , few measurements appear to have been made on patients convalescing from routine major abdominal surgery. This is an important area of study as changes in respiratory resistance are associated with an increased work of breathing and a disturbance in the relationship of ventilation to perfusion resulting in arterial hypoxaemia. For these reasons, respiratory resistance has been studied in a group of patients undergoing major non-urgent abdominal surgery .
.
METHOD
Eighteen patients undergoing non-urgent major abdominal surgery were examined before operation and on the first post-operative day. Nine of the patients had been diagnosed by a specialist physician as having pre-existing chronic bronchitis on the basis of chronic or recurrent productive cough associated with long term heavy smoking, and nine were thought to be free of respiratory disease.
Oesophageal pressure was measured by drawing the patient's nasogastric tube up into the oesophagus until it was a distance of 45 cm from the nostril (Nisell and Ehrner 1958) , filling it with saline (Ambiviagar and Roberts 1966) and connecting it to a Statham pressure transducer and Galileo 2 channel recorder containing a carrier wave amplifier. Simultaneous recording of respiratory tidal volume was accomplished using a wedge spirometer (:VIed. Science) which formed the input of the other channel of the recorder via a Galileo direct current amplifier. FIGURE I.-Upper curve-respiratory tidal volume (One small division = 1 mm=O·025 L).
Lower curve-oesophageal pressure (One small division=l mm=O·5 cm H 2 0).
Recorder speed =25 divisions (mm) sec-I. Flow at mid inspiration C\ra) =·375 1 sec-I Flow at corresponding volume during exhalation (\rb) =·325 1 sec-I.
As at these two points elastic recoil is equal, the corresponding pressure difference (D. P) will be due to respiratory resistance.
I.E.
Several respiratory cycles must be averaged to obtain a satisfactory result. Note B:
The flow resistance of the wedge spirometer which was found to be very small is included in this result. If a spirometer of significant resistance is used, a differential transducer is required so that mouth pressure can be subtracted from oesophageal pressure. The patients were instructed to breathe as normally as possible until about a dozen satisfactory respiratory cycles were completed. Respiratory resistance was measured as the ratio of the total pressure change to the corresponding total flow change between points of equal volume approximately midway in inspiration and expiration (Cook, et al. 1957 ; Petroff, et al. 1976) . In order to reduce the influence of postural changes, all measurements were made with the patients supported at an angle of 60°. Figure 1 illustrates the method of calculating respiratory resistance.
RESULTS
The results of the investigation are shown in Tables 1 and 2. In the non bronchitic patients the respiratory resistance increased from 2 . 8 ±O . 8 cm 1 -1 sec pre-operatively to 3·2 ± 1'1 cm 1-1 sec post-operatively whereas in the bronchitic patients the corresponding values were 4·7 ±1'2 and 8 ·6±1·9 respectively. 
DISCUSSION
Respiratory resistance is composed of airway resistance (80%) and lung tissue resistance (20%). The upper limit of normal (3 cm 1-1 sec) is thus slightly higher than for airway resistance alone.
In the present study there was a small increase in respiratory resistance in the nonbronchitic patients. This increase is believed to be related to the reduction in lung volume which accompanies major abdominal surgery. The bronchitic patients, on the other hand, suffered a large increase in respiratory resistance post-operatively from pre-operative levels which were already elevated. The causes of this change include a reduction in lung volume, retention of secretions, broncho-spasm, and possibly an increase in pulmonary water content (Morton and Ebert 1975) as water accumulating in the lungs causes airway narrowing (Straub, Nagano and Pearce 1967) . A. MORTON Airway narrowing IS especially significant in post-operative patients. Functional residual capacity is reduced by up to 30% after upper abdominal surgery (Anscombe 1957 ) and this combination frequently results in severe basal ainvay closure and atelectasis with ventilationperfusion mismatching and marked arterial hypoxaemia. Careful pre-operative preparation and post-operative management of bronchitic patients undergoing major abdominal surgery is therefore of great importance.
